(Leuchtenberger and Leuchtenberger 1970a) . The vapour phase was 
also able to produce changes in the DNA metabolism and mitosis of 
,/cells in tissue-culture exp Ian ts from human lung (Leuchtenberger* 

t_ a i__i r> ~ ^ ' inn. t 1 — ~ ~ t ♦_ v_ .• . r -a 


Leuchtenberger and Schneider 1973; Leuchtenberger, Leuchtenberger, 

. : . . ..'. ‘ •; • • ." '•■„••■' ‘ ^i’,* 

Ritter and Inui 1973) as well as in other types of cells. (Lcuchten- 

berger and Leuchtenberger 1969, 1970b). However people smoking ■ 

filtered cigarettes have been found to have a lower incidence of : 

.a •w-.- X- ' f . 

• lung cancer than people smoking unfiltered cigarettes (Royal 

College of Physicians 1971; United States Public Health Service ... 


College of Physicians 1971; United States Public Health Service ... 

tia. 

The cocarcinogenic activity of cigarette smoke could be ’ 


•directed to the prospective malignant cell or could act on mechanisms 
y controlling the growth of malignant cells. .Alterations in the 
.'endocrine system have been implicated in the development of lung‘ 


cancer (Rao 1970) . Another regulatory influence is the immune 




. system. There is substantial evidence indicating that the carcino- ■'■ 


genic aromatic hydrocarbons, a group of carcinogens which are present' 
in cigarette smoke (Wynder and Hoffmann 1964; Stedman 1967), exert . 
much of their carcinogenic action by an immunosuppressive effect 


(Rubin- 1960; Linder 1962; Prehn 1963; Stjemsward 1965, 1966a,b, \Wf*z 


.1967; Ball 1970). Some data has shown that closely related but W 

'.••■ 1 ‘ ' :: • '• ■ • . ..... . 'tr-ys • 

carcinogenic hydrocarbons do not have an immunosuppressive action .• ■" 

(Stjemsward 1966a, 1967) and strains of mice that are refractory ■' 

to the carcinogenic action of the hydrocarbons are not susceptible 
to tleir immunosuppressive effect (Stutman 1969). . ... .... .^,.. 

(c) Chronic bronchitis •. , ’y.; v . '.. 


Cigarette smoking has been associated with both an increased 


incidence and risk of dying from chronic bronchitis (United States 


Public Health Service 1971; Royal College cf Physicians 1971). 
Cigarette-smoke exposure has produced chronic bronchitis in dogs 
(Auerbach ct al 1967) rats (Lamb and Reid 1969) and nice (Leuchten¬ 
berger et a.1 1963). A relationship between the immune system and 
chronic bronchitis lies in the involvement of respiratory tract 
infection in the pathogenesis of the disease. Although respiratory 
tract infection i s pro bably..n ot the prim ary ca use of most cases of : 
chronic bronchitis (Chodosh and Segal 1964; Rodman and Sterling 1969) 3 
there is evidence that bacterial and viral infections produce 

exacerbation of the. disease (Stuart-Harris, 1965; Green 1970). 

Source: https://www.industryaocuments.ucsf.eau7aocs/pgkKDD00 
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Antibiotics have decreased the production of mucous by patients with 
chronic bronchitis (Edwards, Chanley, Keal and Fear 1963; Chodash 
and Segal 1964; Oswald 1964). ' 


(d) Emphysema • '.••• v ■ hi-';; '■ ■ : ''f ! ' • 

Emphysema has been associated with both cigarette smoking 
and chronic bronchitis (Thurlback and Angus 1963; United States 
Public Health Service 1964; Rodman and Sterling 1969; Royal College 
of Physicians 1971). However both emphysema and chronic bronchitis 
can occur independently (Thurlback and Angus 1963; Rodman and Sterling 
1969). Lesions similar to emphysema have been produced by chronically 
exposing animals to cigarette smoke (Rockey etaZ 1962; Hernandez, 
Anderson and Foraber 1966; Auerbach, Hammond, Kirraan and Garfinkel 
1970b; Hammond, Auerbach, Kirman and Garfinkel 1970). It has been 
suggested that emphysema and chronic-respiratory-obstructive disease 
.result from an impairment of immune function in the lower respiratory 


tract (United States Public Health Service 1964; Green 1970; 

Kilburn 1973). There is evidence that emphysema results from the 
action of proteolytic enzymes from leucocytes on the architecture 
of the lung (Mario, Mass, Meranze and Wainbaum 1971; Mittman 1972; 
Lieberman 1973). The inhalation of cigarette smoke has been found 
to produce an increase in the number of macrophages which can be 
recovered from the lungs by endobronchial lavage, in humans 
(Harris, Swenson and Johnson 1970a) and animals (Rylander 1971a). 

As cigarette smoke can kill alveolar macrophages in vitro and 
in vivo (Holt and Keast 1973a,b) smoking may also have a role in 
releasing the enzymes from the macrophages. 

Factors other than cigarette smoking have been shown to 
be important in the aetiology of emphysema (Rodman and Sterling 1969) . 
In particular, a deficiency of serum alpha-l-antitrypsin activity 
predisposes people to developing emphysema (Laurell and Erikssorm 
1963; Briscoe, Kueppers, Davis and Bearn 1966). However it has been 
reported that cigarette smoking further increases the prevalence of 
emphysema in people with the alpha-l-antitrypsin deficiency 
(Lieberman 1969; Mittman, Lieberman, Manasso and Miranda 1971). 



i 


i 

r 

(e) Cardiovascular disease j 


A large number of reports have associated cardiovascular 
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> f - smoke or cigarette—smoke components. These have been the subject v 
• • of recent reviews (Harkavy 1968; Swartz 1971) and will not be consid¬ 
ered in detail. 

Macrophages are thought to have a significant role in 
the metabolism of lipids (Stuart 1970). As high levels of serum 
^ lipid have been associated with arterial disease (French 1970), an 

impairment of the ability of macrophages to metabolise lipid may 
contribute to the development of cardiovascular disease. 

^a--1 Immunity and the respiratory system . , -v. 

Isy.i.o-o. : '/ >' - ;: 

. A,orcv A consideration of immune responses, in the respiratory 

. .. tract and response to.inhaled^ immunogens is central to this thesis, 

j. because: (i) It is normal to constantly inhale air which can contain j 
• -i'K'-'icib: infectious agents, carcinogens and other toxic elements (World •.) 

.• . , Health Organization 1972); (ii) The major toxic action of cigarette 

smoke inhalation could reasonably be expected to occur in the 
respiratory tract; (iii) The infection and neoplasia associated 
with cigarette smoking are principally found in the respiratory 
. ■ tract. : - 






(a) Immunity against Inhaled agents 

r ., ;: . The architecture of air passages promotes the deposition 

of inhaled particles in the upper respiratory tract where they can 
be cleared by the mucociliary transport of the tracheobronchial 
system (Green 1970). Foreign material deposited beyond tracheo¬ 
bronchial clearance mechanisms reach the phagocytic and lymphatic 
system of the lungs (Stuart 1970; Green 1970; Bowden 1971; Gross 
and Detreville 1972). Unphagocytosed material can also reach the 
lymphatic system (Schneeberger-Kcely and Karnovsky 1968). The alveolar 
macrophages can rapidly phagocytose and inactivate bacteria and 
have an important function in maintaining sterility of the pulmon¬ 
ary system (Green and ICass 1964a,b) . 

Immunogens entering the respiratory system can induce 
humoral or cell-mediated 1 immune reactions (Tcmasi and Bienenstock 
1968; Waldroan and Henney 1971; Maekaness 1971). These responses can 
be initiated locally in the respiratory tract (Tomasi and Bienstock 
1968; Waldiasn and Henney 1971). The local humoral immune response 
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(Tomasi and Bienstock 1968) but other classes of antibody are also 
produced locally (Waldmann and Henney 1971). Antibody producing 
cells have been found in the lamina proprium of the bronchi (Martinez, 
Tello, Braun and Blanc, 1968; Fernala, Clyde and Bienenstock 1972), 
and in the endobronchial lavages of locally immunized animals (Holub 
and Hauser 1969; Ford and Kuhn 1973&,b). Inhaled immunogens can 

also induce a systemic humoral immune response (Artenstein, Bellanti 

v • .■ • • ■ • v 

and Buescher 1964; Cate, Rossen, Douglas, Butler and Couch 1966; 
Lieberman et at 1971). There are several studies reporting that ; ; : 




antibody in the respiratory secretions is a better indication of , Q V--.--t 

protection against viral infection than serum antibody (Fazekas de 
i.aiu -si- J v'i .■■ " ' “ '• . 

St Groth and Donnelly 1950; Cate et at 1966; Smith, Purcell, Bellanti : 


and Chanock 1966; Chanock 1970) but some studies have shorn that 
the protection from virus infection is more closely related to the 

serum antibody titre (Slepushkin et at 1971). The effectiveness of 

vcoX j - - - •—.- . 

the secretory immune system in the protection against infection can 

;:r. ii'.’-r-..-- . •• 

be illustrated by the high incidence of respiratory infection in 

-ri: ; 'so-■» . 

- patients with selective IgA deficiency (Schwarz and Buckley 1971; 
Polmar et at 1972). Immunosuppressive treatment has been shown to 
^produce bacteraemias by allowing the growth of bacteria from the /■ 
respiratory tract (Wensinck 1961a,b). .... •; .. 

i- 

Immunogens administered to the respiratory tract can elicit 
both local and systemic cell mediated immune responses (Henney and 

t... 

Waldman 1970; Truitt and Mackaness 1971; Waldman, Spencer and 
V ;. , . Johnson 1972). Human alveolar macrophages are responsive to macro^ 

' phage migration inhibition factor (MIF) (Bartfeld and Atoynatan 1970; 


.. ; • •: 1 I-. V • 

; 




c51 ' • 


Warr and Martin 1973a) which indicates that they can be an effector 
cell in cell-mediated immune reactions. 


V 


(b) Respiratory tract tumour immunity 

The potential defence mechanisms of the respiratory system' 
against both carcinogens and neoplastic cells should be considered. 
This also includes defences against oncogenic viruses. Alveolar 
macrophages ingest material inhaled in the cigarette smoke (Mellors 
1958; Leuchtenberger, Leuchtenbergcr, Zebruu and Schaffer 1960; 
United States Public Health Service 1964; Pratt, Finley, Smith and 
Ladman 1969) and can metabolise carcinogens (Toniir.gas et at 1971). 
Enzymes for the metabolism of aromatic hydrocarbons are elevated in 

animals exposed to cigai'ett.e smoke (Welch, Loh and Conney 1971; 

>,Souice:littps://www.industrydocuments. ucsf.edu/docs/pgkk0000 
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Okamoto, Chan and So 1972; Holt and Keast 1973c). However the roeta- 

r ‘ ^ r 

holism of hydrocarbons may have two opposing function s: (i) the de¬ 
toxification of carcinogens; (ii) the production of highly carcino- 
genic intermediates during the detoxification (Alexandrov and 
Frayssinet 1972; Marquardt et at 1972). ■ ’ ' 

AA‘>' -A" Mice with pulmonary neoplasia can elicit an immune response 
against the neoplastic cells (Colnaghi, Menard and Della Porta 1971). 
>In one study the ability of urethane to produce lung tumours in mice 
,was proportional to the degree of immunosuppression it induced (Menard, 
-Colnaghi and Comalba 1971). Furthermore the immunogenicity of the 
-tumours was increased with increased immunosuppression by the urethane. 
Richters, Sherwin and Richters (1971) observed the interactions of - 
lymphocytes with cells from resected lung cancers and concluded that 
a defective lymphocyte-tumour cell interaction occurred in lung 
,neoplasia. An increase of IgA and IgG in the bronchial secretions 
.of patients with lung cancer has been reported (DeCosse, Handel and 
.Dvorak 1971). The levels of immunoglobulin detected were consider¬ 
ably higher than the levels occurring in bacterial inflammation. 
-Selective IgA deficiency has not generally been associated with 
, increased neoplasia (Gatti and Good 1971; Hong and Ammann .1972) but 
. neoplasms have been reported in patients with selective IgA deficiency 
(Gatti and Good 1971). Patients developing empyema after the surgical 
removal of lung carcinoma have a considerably increased five-year- 
survival-rate. It is thought that the bacterial infection non- 
specifically enhances the turaouricidal activity of the immune system 
.(Ruckdeschel, Codish, Stranahan and McKneally 1972). 

--■■■■ 'v - •’ : 

D. Cigarette smoking and immunity 

The interaction of cigarette smoking and the immune system 
has been reviewed previously (Silvette, Larson and Haag 1957; Larson, 
Haag and Silvette 1961; Harkavy 1968; Larson and Silvette 1968, 1971; 
Swartz 1971), but the principal consideration was directed towards 
the hypersensitivity to cigarette smoke and its relationship to 
cardiovascular disease. In this section the effect of cigarette 
smoking on immunological competence will be reviewed. 


Source; https://www. ind ustrydocu merits, ucsf.edu/cfdc4/p^kkOO@6 -: 
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. (a) P eripheral blood leucocytes y' : ' : ^-A 

Human cigarette smokers have been reported to have an ' : rr.^^;^W y 
increased number of peripheral blood leucocytes (Howell 1970; Cor re, ^ 

. -«{.>'• * v'.- - :• 

,V.‘ ••••■• t - . ‘Vn. ■ 

Lellouch and Schwartz 1971; Friedman et at 1973). The increase was 
found to be related to the amount of cigarette smoke inhaled (Corre 
et at 1971; Friedman et at 1973) and represented an increase in all ; vi ’* 

types of leucocytes (Corre et at 1971) . Friedman et at (1973) were 
able to demonstrate that leucocyte counts increase in people after '■ 

they begin cigarette smoking and decrease in people who discontinue' 
smoking. Corre ,et at (1971) concluded that the increase in- leuco-X’i^il^^ 
-iVcytes was not related to the incidence of chronic bronchitis but the' ^ 

*jr« t- " ... ^ .. y • • ’ " • '?• /*«*}*. V" ; -vS,.’/.. •Y.V.'v 

results of Friedman et at (1973) indicate that chronic bronchitis - 




•Wf' 


t • *v > ; .-vv-v, ... r 


was a factor in the leucocytosis. Examination of leucocytes in '■'/* 

- - '. •• • 
animals chronically exposed to cigarette smoke has produced' variable 

results. No alterations in the number of peripheral blood leucocytes 

were found in hamsters exposed to cigarette smoke (Reckzeh and Donten- LX' 

will 1970; Dontenwill et at 1973). Reece and Ball (1960) exposed 

dogs to cigarette smoke for 15 weeks and found an increase in blood X" 

monocytes but because of a decrease in the concentration of neutro- - 

phils and lymphocytes the total white blood cell count was decreased. -wXv-X 


(b) Pulmonary leucocytes ' * . V>= 

As judged by endobronchial lavage, cigarette smokers have 
more macrophages in their lungs than nonsmokers (Pratt et at 1969; 

Harris et at 1970a). This has also been found in guinea pigs 
(Rylander 1971a) and mice (Holt and Keast 1973a) chronically exposed ’XS' 
to cigarette smoke. Mellors (1958) observed that there are more 
alveolar macrophages in sections of lungs from rats exposed to cigar- .. 


, * , 'tv, I 4 * 

• - 4 ^J rr . » ^ t- 

.• .v '•# V 


ette smoke than in the lungs of control rats. Flint, Maxwell and 
Renzetti (1971) reported that the number of polymorphonuclear leuco- 
cytes increased in the lungs of guinea pigs while the number of 
macrophages was unaltered by exposure to cigarette smoke. A transient 
increase in the number of lymphocytes in the lungs of mice exposed 
to cigarette smoke has also been found (Holt and Keast 1973a). 


(c) Metabolism and morphology of leucocytes 
smoke in vivo — -—" 


-d to cigarette 


Alveolar macrophages from human cigarette smokers have a 


Source: https://www.industrydocumerits.ucsf.edu/docs/pgkk0000 


1002645758 



